The molecular analysis of 32 durian F1 hybrids, resulted from crossing of the Arp 8990 (female parent) and 'Otong' (male parent), was conducted in order to determine the genetic characteristics of hybrids and parents, as it would be followed/evidenced by the variability of traits produced from the cross breeding. The RAPD analyses of 14 primers resulted in 114 scoring bands, 112 (98.2%) of them were polymorphic, with 4 to 11 bands amplified per primer. The electrophoresis gel of the PCR results revealed that some hybrids produced different band patterns compared to the parents; this indicated the crossing between parents' alleles and trait combinations from both the parents. The Dice-Sorensen similarity coefficient demonstrated that most of the hybrids had distant genetic similarities with both parents, which were ranged from 0.141 [71B(4) and 72B (15)] to 0.776 [71B(15) and 48B (1)]. The UPGMA method was used to construct the dendrogram, which grouped the hybrids in five clusters with distinct genetic relationships and was confirmed with the PCA analysis. This result implied that above crossing produced hybrids having characters different from the parents.
INTRODUCTION
Durian (Durio zibethinus Murr.) is a fruit crop originating from Borneo, Indonesia (Nanthachai 1994; Brown 1997) . Over 30 species of Durio have been described that can be found in Borneo, Malaya, and Sumatra (Brown 1997) . Since durian is an open pollinating plant, there many varieties are hybrids available as material for selections. However, such hybrids usually have low productivity and cultivars derived from them have limited desired characters. In order to improve the natural durian crossbreed, the interspecific and intraspecific cross breeding can be chosen as an alternative. Indonesian Tropical Fruit Research Institute (ITFRI) has conducted durian cross breeding since 2010, and it has collected hybrids of more than 15 cross combinations.
The variability of plants produced from crossings can be determined using both morphological and genetic characteristics. Morphological characters are usually based on the phenotypic expression, namely, fruit and thorns shape, taste, flower and foliage color, or other traits (Janyszek et al. 2008; Rivero-Guerra 2011) . However, due to the plant's plasticity, the morphological characters have a limited capacity to distinguish individuals that are genetically similar (Klingenberg et al. 2011; Gratani 2014) . In order to complete the morphological characters, molecular markers are used as a standard method for studying the genetic diversity (Withlock et al. 2010; Gerrano et al. 2014) .
RAPD (Random Amplified Polymorphic DNA) method has been used extensively to estimate the genetic diversity based on the unique sequences of nucleotides in the plant genome (Bardakci 2001) . This technique does not require initial information about the tested genome, although the number of characters observed is virtually unlimited, 70 R. Prihatini et al. ____________________________________________________________________________________________________________________ the method is fast, easy to execute, and requires only small amounts of DNA (0.5 ng) as a template (Williams et al. 1990; Welsh & McClelland 1990) .
The study was conducted in order to determine the genomic characteristics of the hybrids and parents, reflecting the variability of traits resulting from cross breeding.
MATERIALS AND METHODS

Durian cross breeding
The female flowers of Arp 8990 were prepared by cutting the flower's petals and covering it with paper bag to avoid uncontrolled pollination, whereas the male flowers of 'Otong' were prepared by drying the flowers under the sun for an hour to extract the pollen. The crosses were made from 7:00 pm onwards by brushing the pollen on the stigma of female flowers followed by wrapping it with a paper bag for 5 days. The fruits that resulted from the crosses were harvested after four months on an average.
Leaves of 32 F1 hybrids resultant from a cross breeding between Arp 8990 × 'Otong' (which originated from 32 seeds of 5 F1 fruits -71A, 71B, 72A, 72B, and 48B) and both parents were used as samples.
Extraction of DNA
DNA was extracted from leaves using the modified CTAB method (Doyle & Doyle 1987) . A total of 100 mg leaves were ground with 1.5 ml of extraction buffer (2% CTAB solution, 1% β-mercaptoethanol, and 10 mg of PVP-10). Samples were then transferred into a 2 ml centrifuge tube and incubated at 65 °C for 60 minutes. Proteins were degraded three times with 500 µl of chloroform isoamyl alcohol (24: 1), and then centrifuged at 12,000 rpm for 10 minutes. The DNA was precipitated with the addition of 500 µl of cold isopropanol, whereas the RNA was degraded with 2 mg·ml -1 RNAse, and then centrifuged at 12,000 rpm for 10 minutes. The formed DNA pellets were air dried, rinsed with 70% ethanol, and dissolved in 50 μl of TE buffer. DNA was quantified using NanoDrop equipment.
RAPD amplification, electrophoresis, and data analysis
A total of 14 primers were used in this study (Table 1) . RAPD PCR reaction was performed with Taq PCR reaction mixture 4.25 µl (KAPPA) with 1 µl of RAPD primer of concentration 1 µM, 1 µl (10 ng) of sample DNA, and ddH2O to a final volume of 12.5 µl reaction. PCR was performed with the following programs: pre-denaturation at 95 °C for 3 minutes, 45 cycles of denaturation at 95 °C for 15 seconds, annealing at 36 °C for 15 seconds, extension at 72 °C for 5 seconds, and final extension at 72 °C for 10 minutes. The PCR formula and programs were optimized prior the actual RAPD test to ensure the reproducibility of the test as suggested by Ghazi et al. (2013) . The whole experiment was run in triplicate to check for the reproducibility.
The primers were selected in order to find those which were able to show the molecular diversity of individuals. The primers' selection was conducted by using 5 samples and an array of 30 primers (prior to own unpublished research); primers that demonstrated polymorphic bands were chosen for further investigation.
DNA amplification products were separated by 1.2% agarose electrophoresis at 50 V for 20 minutes. The band patterns were scored manually and automatically using software BioDoc Analyzer. The Dice-Sorensen coefficient of similarity and the UPGMA method were used to construct the dendrogram. The relationship among hybrids and either parent were investigated using the Principal Co-ordinates Analysis (PCA) based on Eigen value method (Diniz-Filho et al. 1998 ). All the calculations were conducted using the NTSYSpc 2.10x software (Rohlf 2004) , whereas the bootstrap analysis was conducted using the Win Boot software (Yap & Nelson 1996) .
RESULTS AND DISCUSSIONS
The DNA fingerprintings are considered as a helpful tool in the durian breeding program (Santoso et al. 2005; Somsri et al. 2008; Nuchuchua et al. 2008 ). The RAPD technique was considered to yield adequate information to assess the genetic diversity of Citrullus lanatus (Mujaju et al. 2010) , Oryza sativa (Fuentes et al. 2005) , Zea mays (Leal et al. 2010) , and Durio spp. (Hariyati et al. 2013) .
Out of the 30 tested primers, 14 primers produced polymorphic bands of good quality. They Fig. 1 ). The band patterns differing from parents, can suggest the traits combination occurring from the crossings.
The polymorphic level in this study was higher as compared to Ruwaida et al. (2009) The analysis of electrophoretic separation showed that all hybrids had at least one band similar with one of the parents; some hybrids produced additional bands compared to both parents; others showed similar or less bands than parents, as also reported by Saran et al. (2015) who analyzed the hybrids from papaya crossbreeding. Furthermore, the RAPD method was suitable to identify progenies deriving from hybridization of Citrus (Elisiário et al. 1999; Qin et al. 2011) , as well as on Salix (Triest et al. 2000) , Populus deltoides (Rajora & Rahman 2003) , Mentha (Shasany et al. 2005) , Vanilla (Divakaran et al. 2006) , and Saccharum officinarum (Zhang et al. 2008) . It was also suggested that the RAPD data analysis might be used in the construction of molecular linkage map (Luo et. al. 2002; Lin et al. 2005) .
The similarity of coefficients obtained from the data ranged from 0.141 [71B(4) and 72B (15) Fig. 2 . The cophenetic correlation between the genetic similarity matrix and the cluster analysis was 0.87, suggesting a high goodness of fit. In order to confirm the genetic structure or degree differentiation among clusters, the PCA was performed. It indicated that the first two principal components accounted for 34% of the total variation, while the third component accounted for an additional 6%. The contributions of the remaining components individually were less than 5% each. marker; 1-32 hybrids, 33: male parents 'Otong', and 34 female parents Arp 8990; red boxes contain hybrids that produced different patterns than parents. Therefore, the biplot of only the first two principal components is presented in Fig. 3 . The comparable dendrogram ( Fig. 2) and PCA results (Fig. 3) indicate that both analyses give similar results. The samples were grouped in five clusters (Fig. 2) . The data showed that the coefficient similarity between Arp 8990 and 'Otong' was 0.742 and they were grouped in the same cluster (cluster 5). The Arp 8990 is a local variety grown in sub-district of Solok, West Sumatra. Although there is no published productivity data for the Arp 8990, this female parent produces a high number of fruits per cluster (6 fruits/cluster), however it has a small edible portion and a non-preferred taste. On the other hand, the 'Otong' is a commercial cultivar originating from Thailand with moderate number of fruit per cluster (3 fruits per cluster), a high edible portion, and preferred taste. The two parents were crossed in order to obtain hybrids of a high productivity (high number of fruit per cluster), high edible portion, and preferred taste.
The F1 hybrids resultant from the Arp 8990 × 'Otong' had a distinct genetic distance from both parents. The smallest coefficient of similarity among the hybrids and parents were 0.149 ['Otong' and 72B(4) ]; the largest coefficient similarity was 0.762 ['Otong' and 48B(1) ]. These data suggested that the hybrids should have different morphological characteristics thasn both parents, which is an important factor for the rapid genetic improvement in crops (Trethowan & Mujeeb-Kazi 2008) .
Among the samples, the 72A(3), a single hybrid was placed in cluster 1, whereas other hybrids of 72A were scattered in other 2 clusters (cluster 2 and 3), but none in the same cluster with both parents. The similar phenomenon occurred on hybrids of 71B, which were scattered into 3 clusters, including the cluster with both parents. This data illustrated that the seeds from the same fruit (coded by 71, 72, and 48) might possess different molecular characteristics. This data correlated with Hariyati et al. (2013) ,who suggested that by using 5 RAPD primers on 16 hybrids, the analysis was capable of 72A (3) 72A (7) 72A (11) 72A (1) 71B (2) 72B(6) 72B (18) 72B (8) 72B (4) 71B (4) 71B (5) 72B (1) 71B (7) 71B (9) 71B (10) 71B (11) 72A (2) 72A (6) 72A (12) 72B(2) 72B (14) 72B (5) 72B (6) 72B (13) 72B (15) 71A (4) 71A (7) 71A (17) 48B (1) Otong Arp8990 72B (7) 72A (19) 71B ( showing genetic diversity of hybrids produced from durian crosses clustered either with the same group with one of the parent or between the hybrids themselves. Thus, the data retrieved from the larger number of polymorphic RAPD markers in the present study strengthened the previous results.
The durian hybrids used in this study were obtained in 2010. By this date, they are 5 years old, and still are at the vegetative stage. Although previous genetic studies did not reveal reliability for predicting F1 yield and heterosis on Triticum aestivum (Liu et al. 1999) or Brassica napus (Yu et al. 2005) , the molecular analysis in the present study showed a promising selection material for the Indonesian and Thailand (Somsri et al. 2014 ) durian breeding programs.
CONCLUSION
The crossing of durian plants produced F1 hybrids of a distant genomic composition from both parents. These hybrids might be used as materials in breeding program.
